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Forward 
This report is an adapted training manual, with specific best practice recommendations for 
groundwater development practitioners working in the Northern Region, Ghana. It is designed to 
be used in conjunction with the existing comprehensive training manual ‘Developing 
Groundwater: a guide to rural water supply’ by MacDonald, Davies, Calow and Chilton (2005). 
The additional guidelines provided in this supplementary report are specific to the Northern 
Region of Ghana, and have been informed by a review of groundwater development in the 
region which BGS carried out on behalf of UNICEF in 2010-2011.  
The Northern Region is a difficult area in which to find and develop groundwater resources. For 
this reason, more resources – time and money – need to be focussed on careful borehole siting 
and development in order to maximise success. This includes detailed desk and field 
reconnaissance surveys; the effective use and interpretation of geophysical siting methods; 
collection of good quality data during drilling and test pumping; rigorous recording and 
management of data; and effective interpretation, sharing and use of hydrogeological 
information by all groundwater development practitioners. This report, and the associated 
manual ‘Developing Groundwater’, provide practical help for carrying out these activities 
effectively.  
 
The authors gratefully acknowledge those persons who contributed to the formation of these 
guidelines, who include: 
 UNICEF Ghana – Othniel Habila, Kabuka Banda and David Ede 
 Community Water and Sanitation Agency (CWSA), Ghana – John Aduakye 
 Canadian International Development Agency (CIDA) – Hydrogeological Assessment 
Project (HAP) – James Racicot 
 All participants at the UNICEF/BGS workshop and training programme held in Tamale, 
Northern Region, from 7 to 18 February 2011.  
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1 Introduction 
1.1 BACKGROUND TO GROUNDWATER DEVELOPMENT IN THE NORTHERN 
REGION, GHANA 
The Northern Region of Ghana (Figure 1) is a particularly difficult place to find groundwater. 
The region is largely underlain by ancient, indurated sedimentary rocks of the Voltaian 
Supergroup, which were deposited in the northern part of the elongate, north to south trending 
Volta Basin in Neoproterozoic to early Palaeozoic times. The rocks comprise thick sequences of 
continental and marine silty mudstones and sandstones, with subordinate conglomerates, 
limestones and glacially-derived deposits. Unsuccessful water supply boreholes have been 
drilled throughout the region, but are particularly common in areas that are underlain by 
mudstones, which are usually poorly fractured.  
 
Figure 1 Location of the Northern Region in Ghana  
 
The recent history of groundwater development in the Northern Region has included ongoing 
work by long-term operators in the region; large donor-led projects; and scientific research:  
 Recent large projects to develop boreholes (and some hand dug wells) for groundwater 
supply, funded by different donors 
o European Union (EU) 
o Agence Francaise de Developpement (AFD) 
o IWASH (UNICEF) 
 Ongoing borehole development by long-term operators in the region, Church of Christ 
and World Vision. 
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 Recent research: 
o The Hydrogeological Assessment Project (HAP), funded by CIDA, carried out 
systematic data collection during siting, drilling and testing of dedicated 
monitoring boreholes (CIDA 2009) 
o Not directly linked to groundwater but of direct application to groundwater 
development is a recent airborne geophysical survey combined with geological 
mapping of the Volta Basin, including a large part of the Northern Region (Jordan 
et al. 2009). 
During 2000-2002, the British Geological Survey (BGS) conducted a detailed study of the 
groundwater potential of Voltaian Supergroup sandstones and mudstones in the Afram Plains 
region, in the southern Volta Basin (Davies and Cobbing 2002). This study followed on from 
even more detailed investigations carried out by BGS into the low groundwater potential of 
younger, Cretaceous age mudstones and sandstones in the Benue Trough region of southeastern 
Nigeria (Davies and MacDonald 1999). The experience gained during these, and other, projects 
led to the production of a comprehensive guide to rural groundwater development, ‘Developing 
Groundwater: a guide for rural water supply’ (MacDonald et al. 2005) (Figure 2). 
 
 
 
 
Figure 2 The training manual ‘Developing Groundwater: a guide for rural water supply’ 
(MacDonald et al 2005), which should be used in conjunction with this report as a 
comprehensive reference for groundwater development techniques 
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1.2 BACKGROUND TO THIS REPORT 
Based on past experience investigating groundwater potential in low productivity aquifers in 
other parts of Ghana and in Nigeria, the British Geological Survey (BGS) was commissioned to 
review groundwater development practices used by consultants on the UNICEF IWASH (Water, 
Sanitation and Hygiene) programme in the Northern Region of Ghana; to investigate the low 
drilling success rates encountered by the IWASH programme; and to produce guidelines for best 
practice in the region. The guidelines, presented in this report, address specific aspects of, or 
techniques for, groundwater development that were identified as relevant to the situation in the 
Northern Region. They are not a comprehensive guide to groundwater development, and should 
be read in conjunction with other such guides, and in particular the training manual ‘Developing 
Groundwater’ (MacDonald et al.2005) (Figure 2). 
The BGS project in the Northern Region was split into four phases:  
(1) Situation analysis and collation of available information on current methods of 
groundwater development in the Northern Region, in particular in the districts where the 
IWASH programme operates. This involved a visit to the Northern Region by BGS 
experts, in November 2010, to rapidly assess groundwater development procedures and to 
collate available data (MacDonald and Davies 2011). 
(2) Synthesis, examination and interpretation of the collated data in terms of (i) current 
groundwater practises; (ii) developing an understanding of the hydrogeology of the 
Northern Region and capturing this within a new groundwater development potential map 
for the Northern Region, in particular for the districts where the IWASH programme 
operates; and (iii) developing recommendations for improving borehole siting methods. 
This took place partly in the UK and partly in Ghana between November 2010 and 
February 2011.  
(3) Based on the activities in (2), above, to develop and run a workshop and training course 
focussed on improving groundwater development practises in the Northern Region. This 
took place in Tamale, Northern Region, Ghana from 7 – 18 February 2011.  
(4) Produce specific guidelines for best practice in groundwater development in the 
Northern Region by adapting an existing training manual, which are presented in this 
report.   
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2 Guidelines for groundwater development in the 
Northern Region 
The guidelines presented in this report address specific aspects of groundwater development that 
are relevant to the situation in the Northern Region. They are not a comprehensive guide to 
groundwater development, and should be read in conjunction with other such comprehensive 
guides, in particular the relevant chapters in the manual ‘Developing Groundwater: a guide for 
rural water supply’ (MacDonald et al. 2005) (Figure 2). This manual was specifically designed to 
meet the needs of rural water supply project staff in developing countries, and provides 
comprehensive information on effective techniques for siting boreholes, assessing groundwater 
resource sustainability, constructing and testing the yield of boreholes, and monitoring 
groundwater quality. As well as the content of the ‘Developing Groundwater’ manual, the 
guidelines are based on:  
 the review of current practice in the IWASH programme and other recent groundwater 
development work that was carried out by BGS (MacDonald and Davies 2011, Ó 
Dochartaigh et al. 2011), which included reviewing collected and interpreted data and 
visits to field areas to observe field conditions and groundwater development practises; 
 discussions with individuals from UNICEF, Ghana’s CWSA, and international 
consultants; and  
 discussions with staff from key implementing IWASH partners and other groundwater 
development organisations at a two week workshop and training course held in the 
Northern Region from 7 to 18 February 2011 
2.1 GENERAL GROUNDWATER DEVELOPMENT 
The groundwater development problems in the Northern Region will not be solved overnight. A 
long-term plan will be needed to overcome them. The problems are complex and multi-faceted, 
strongly linked to the pervasiveness of low productivity, low storage aquifers across the region, 
and not helped by how difficult it is for groundwater development practitioners in the region to 
get professional support. 
The Northern Region is a difficult area in which to find and develop groundwater resources. 
It should be accepted that borehole success rates here will always be lower than in most other 
areas. Particularly in areas dominated by mudstones, more resources need to be focussed on 
careful siting of boreholes in order to maximise potential success. This will take time and money, 
and includes, for example, detailed desk reconnaissance surveys and the effective use and 
interpretation of geophysical siting methods.  
There is no magic bullet for success. There is no single technique that will find groundwater in 
the Voltaian Basin in the Northern Region. Improving success in this very difficult area requires 
effectively implementing a combination of many different approaches, such as different 
geophysical techniques, and making use of information from past projects, including maps of 
geology and groundwater potential (e.g. Figures 16 and 26). Groundwater development 
practitioners need a better understanding of where and how groundwater occurs in the rocks (the 
groundwater targets); of how to identify these targets using geological, geophysical and other 
surveying techniques; and how to develop groundwater effectively and sustainably once it is 
found. All this relies first on careful collection, analysis and interpretation of field data, and then 
on centrally collating and interpreting these data to develop a better regional understanding, 
which in turn should be used by practitioners to better inform groundwater development. The 
current understanding of hydrogeology in the Northern Region is described in Section 3, 
and should be a key resource for groundwater development practitioners. It should be updated 
as new data, interpretations and understanding become available.  
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It is important to look at the bigger picture when siting boreholes. It is not enough to treat 
each borehole to be drilled in isolation: it is vital to use all the available evidence from other 
groundwater investigations in nearby areas, or similar hydrogeological areas elsewhere, to help 
make informed choices about borehole siting and development. The key to successful 
groundwater development is a detailed understanding of the regional and local 
hydrogeology: what the detailed lithology of each geological unit is; what the groundwater 
targets are in each unit and at what depths; what the geophysical signature of each geological 
unit and groundwater target is. A description of the current understanding of the hydrogeology of 
the main geological units in the Northern Region is presented in Section 3 of this report, and is 
summarised in a groundwater development potential map (Figure 26) and accompanying table 
of information (Table 2). This hydrogeological understanding is based on currently available 
information, which is still limited for much of the Northern Region, and so it should be 
developed further and improved over time as more good hydrogeological information is 
collected and interpreted.  
In the same way, geophysical surveys at each new borehole site should not be interpreted 
independently, but should be interpreted with reference to the results of other surveys on similar 
geology, and by comparing the geophysical results to geological evidence from previously 
drilled boreholes. A wider understanding of the relationship between geophysical results, 
geology, and hydrogeology across the Northern Region needs to be developed, so that 
practitioners can better interpret the hydrogeological meaning behind geophysical data. The HAP 
project began to develop this kind of systematic body of knowledge, but much more needs to be 
done to extend and deepen this understanding using geophysical data and (hydro)geological 
interpretations from ongoing borehole development.  
 
Box 1 Key general guidelines for groundwater development in the Northern Region 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Fractures in sandstones, at depths generally between 30 and 70m and rarely up to 
100m, are the most important groundwater target in the Northern Region. Drilling 
below 100m in sandstones occasionally produces small additional yields, but there is 
little evidence that drilling deeper than approximately 120m in sandstones produces 
significant additional yields. Only small amounts of groundwater are typically found in 
fractures in siltstones, also typically between 30 and 70m. Groundwater is rarely found 
in mudstones, even where fractured. Drilling deeper than approximately 70m in 
siltstones and mudstones is not likely to result in significant additional yields.  
Current understanding of the hydrogeology of the region has been summarised in a 
groundwater potential map (Figure 26).   
Particularly in areas dominated by mudstones, more resources will be needed for careful 
borehole siting in order to maximise potential success. This may mean additional time and 
money for detailed desk reconnaissance surveys and effective use and interpretation of 
geophysical surveys. 
A wider understanding of the relationship between typical geophysical values, geology, and 
hydrogeology across the Northern Region needs to be developed, so that practitioners can 
better interpret the hydrogeological meaning behind geophysical data. 
In particularly difficult areas where there has been continued failure to drill successful 
boreholes, such as where there is unfractured mudstone, other water supply options should 
be considered, such as piping in water from higher potential areas at distance, treating 
surface water, or rainwater harvesting. A paper on rainwater harvesting in Ghana can be 
found at http://www.cwsagh.org/cwsa_subcat_select.cfm?tblNewsCatID=29&prodcatID=8 . 
 OR/11/047    
   
7 
 
2.2 SELECTING SITES FOR BOREHOLES AND GEOPHYSICAL SURVEYS: 
RECONNAISSANCE DESK AND FIELD SURVEYS  
The importance of reconnaissance – both desk studies and field reconnaissance – cannot be 
overstated, and is dealt with in detail in Chapter 4 of the training manual (MacDonald et al. 
2005). It is the basis of good siting, where useful evidence from all relevant sources is used to 
increase confidence in identifying where possible groundwater targets may exist, whether these 
are weathered zones, fracture zones or lithological boundaries, and in selecting the most effective 
locations for geophysical surveys to provide the most useful information. Choosing locations for 
geophysical surveys should be done using all of the same kind of desk study information sources 
as for selecting potential sites for boreholes, not solely based on surface observations and 
community information. 
Some of the most useful sources of information during a desk study are:  
 Geology and/or groundwater potential maps that indicate likely geological controls on 
groundwater potential and/or directly show aquifer productivity (e.g. the maps in Figures 
16 and 26). 
 Satellite images, air photos or maps of airborne geophysical data that may indicate the 
presence of lineations which could be water-bearing. Depending on the type of lineation, 
it is often useful to choose geophysical survey lines perpendicular to regional 
lineations. 
 Information from past groundwater development projects in the same area, which help in 
interpreting geophysical survey results. For example, yields from existing boreholes; 
results from geophysical surveys that show typical resistivity and/or conductivity values 
for the local geology; and borehole geological logs from previous boreholes (even if dry). 
A field reconnaissance survey should concentrate on as large an area as possible – the whole of 
the village and surrounding area at least. Particular points to note are: 
 Observe soil types and any changes across the area, which may indicate lithological 
changes in the rock below – e.g. soils developed over mudstones are often 
characteristically different than those over sandstones. 
 Looking for direct evidence of the underlying geology, such as in dug pits or wells or in 
any rock outcrops.  
 Don’t over-interpret the presence of vegetation type or anthills in terms of groundwater 
occurrence. While these features might indicate the presence of shallow groundwater, this 
may be perched and although it may be enough to provide a seasonal flow to a small 
shallow dug well, it is unlikely to contain enough water to provide a good yield all year 
round. Remember that the key groundwater flow horizons in most Northern Region 
aquifers appear to be between 30 and 70m deep. Few trees or anthills can access water at 
this depth. It is also important to recognise that indicators which might be important on 
sandstones or basement rocks are often no use at all on mudstones. Sandstones are more 
freely draining, so that water disappears quickly in the dry season and vegetation can 
only survive where there are significant amounts of groundwater. However, the lower 
permeability of mudstones means they can hold onto very small amounts of groundwater 
for much longer, not letting it drain away; and although there is often not enough water to 
supply boreholes or even shallow wells, there is enough moisture in the ground for trees 
and other plants to survive.  
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2.3 GEOPHYSICS 
2.3.1 General 
The use of geophysics in groundwater development is dealt with in detail in Chapter 5 of the 
training manual (MacDonald et al. 2005).  
Geophysics does not tell us where groundwater is – it cannot directly locate productive 
groundwater flow zones (i.e. groundwater targets). It is one of a triangle of useful groundwater 
development approaches (Figure 2). When used and analysed correctly, geophysics can tell us 
about the geology beneath the site. Interpreting the geology can tell us about the likely types and 
depths of groundwater targets. Successfully interpreting changes in resistivity or conductivity 
seen duing geophysical surveys therefore needs a good understanding of local and regional 
geology and hydrogeology. The current understanding of hydrogeology in the Northern 
Region is described in Section 3, and should be a key resource for groundwater development 
practitioners. 
 
 
Figure 3 Geophysics is one part of a triangle of useful groundwater development 
approaches 
 
The key to interpreting geology from geophysical results is to build up a good knowledge of 
typical geophysical responses for different rocks (i.e. resistivity and/or conductivity values), 
in both their weathered and unweathered states. The key to interpreting hydrogeology from 
geophysical results is to build up a good understanding of what the groundwater targets are in 
each of these rock types and how deep they are, as well as how these targets may show up in 
geophysical responses. Consultants also need to look deeper using their current techniques and 
to analyse results correctly.  
Looking deeper.  At the moment, geophysical methods used in the Northern Region only 
assess the shallow zone from 0 to approximately 30m depth. However, across most of 
the region, groundwater inflows (due to weathering and/or fracturing) are concentrated 
from approximately 30 to 70m depth (Section 3 in this report; CSIR 2009). Using the small 
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changes recommended in this report, the current geophysical equipment could provide a 
relatively robust picture of the geological sequence to about 60m depth – i.e. throughout 
the main zone of groundwater flow in the region.  
Using geophysics to understand geology. Even if geophysics is looking at shallower 
depths than groundwater targets, it is still giving information on the geology, which can be 
interpreted to help identify groundwater targets. For example, if geophysics confirms that a 
site is underlain by sandstone, not mudstone, there is a much better chance of finding 
groundwater.  
Analysing geophysical data correctly. The resistivity procedure currently used by most 
of the IWASH consultants appears to be a combination of VES and profiling, with the 
resulting data relating to a number of soundings at different locations along a profile. 
Interpretations of the field data appear to be done in a non-standard way, which would be 
regarded by most geophysicists as non-valid. More discussion of this and 
recommendations for alternative, more robust resistivity techniques are given in Section 
2.3.3, below, and in Chapter 5 of the manual ‘Developing Groundwater’ (MacDonald et al. 
2005). Some background on geophysical methods for finding groundwater in low 
permeability rocks is also given in a paper by MacDonald et al. (2001) which is reproduced 
in Appendix 1. 
To maximise the amount of information, ideally at least two geophysical methods should be 
used together. For example, a robust procedure would be to run one or more EM34 profiles 
along the lines that the reconnaissance survey identified as being hydrogeological interest; 
identify features that are potential groundwater targets from the EM34 results; and follow up by 
running VES over these features.  
The currently available geophysical equipment in the Northern Region, if it is used appropriately 
and the results analysed correctly and interpreted with respect to the geology and hydrogeology, 
can provide very useful results. The introduction of more ‘state-of-the-art’ geophysical 
equipment would not, by itself, improve borehole siting success. The key issues related to 
geophysical siting practices are not so much related to inappropriate equipment as to the choice 
of technique and the lack of appropriate interpretation of geophysical results. Improved 
theoretical and practical training for geophysical practitioners, and increased contact with 
professionals in other parts of Ghana and internationally, would help improve results. Having 
said this, EM34 is a particularly useful technique both used alone and in combination with VES. 
Wider and effective use of EM34 profiling in the Northern Region could provide more 
information to support hydrogeological interpretations and therefore borehole siting decisions 
(Section 2.3.3).  
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Box 2 Geophysical field procedure 
 
 
 
 
 
 
 
 
 
 
Figure 4 Cables should be regularly inspected for damage  
 
       
 
Figure 5 Care should be taken to ensure good connections between cables and control 
box during resistivity surveys 
Careful field procedure is needed to ensure good geophysical data are collected.  
Carefully maintain equipment, in particular cables, so there is no contact between metal cable 
(e.g. where the plastic cable cover is damaged) and the ground (Figure 4). 
Take care to ensure as good electrical connections as possible in resistivity surveys (Figure 5). 
Although it is difficult because of the number of connections in the system, especially when 
equipment is old, it is critical to ensure good data collection. 
Be aware of potential sources of data error, e.g. electrical current from other geophysical 
surveys being run at the same time. 
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2.3.2 Resistivity  
Resistivity surveys can give very useful information on the rock type and the degree and depth of 
weathering. They cannot reveal the presence of narrow (sub)-vertical fractures at depth below 
the weathered zone, which are key groundwater flow zones. Many different types of resistivity 
techniques are available, including various vertical electrical sounding (VES) techniques, 
which give information on the ground beneath a single point, and profiling techniques, which 
give information on changes along a line. The current most commonly used resistivity technique 
in the Northern Region is a combination of VES and profiling using a dipole-dipole array, which 
is non-standard and, based on the evidence seen by BGS, does not appear to be providing useful 
information. It is discussed in more detail in Section 2.3.2.2. Also used in the Northern Region is 
a 2D profiling system, which is discussed briefly in Section 2.3.2.3.  
2.3.2.1 VERTICAL ELECTRICAL SOUNDING (VES) TECHNIQUES  
More information on different VES techniques is given in Chapter 5 of the manual ‘Developing 
Groundwater’ (MacDonald et al. 2005). Each uses a different electrode configuration. The most 
common is the Schlumberger configuration; other common arrays are the Wenner and the offset 
Wenner. It is the experience of the BGS team, from working in many parts of the world, that the 
Schlumberger array is easier and more robust to carry out in the field and to interpret 
accurately than most other techniques; and that it is widely supported by standard geophysical 
literature and analysis models and software. Resistivity VES using a Schlumberger array was 
used to good effect in the Northern Region in the HAP project (Box 3).  
Box 3 Interpreting VES data in the HAP project 
  
Schlumberger VES was used in the HAP project with good field procedure and rigorous data 
interpretation. For example, field values that appeared unreasonable were rejected and the 
VES repeated at the same spot several times until results matched. VES data were analysed 
using ‘RESIST’ computer software (CSIR 2009) and the results were interpreted in relation 
to observed resistivity values from known geological units (e.g. Figures 7 and 8) and to the 
known hydrogeology of these units. 
For example, in areas underlain by sandstone, drilling sites were selected based on the 
interpreted thickness of the weathered zone (with low to moderate formation resistivity), 
because the practitioners knew that thick weathered zones had been observed to give good 
borehole yields, and the transition zone from weathered to unweathered rock had also been 
observed to be a groundwater target. By contrast, previous studies had shown that mudstones 
and siltstones were associated with dry or low yielding boreholes, and with low formation 
resistivity, and so areas of medium to high resistivity values were preferred as target drilling 
points, while areas with resistivity values lower than 50 Ohm-m were avoided (CSIR 2009).  
By doing this, the HAP project began to develop a systematic body of knowledge of the 
hydrogeological meaning behind geophysical data. This approach should be continued to 
develop a detailed dataset of typical resistivity and conductivity responses for all the 
geological units in the Northern Region, in their unweathered and weathered states. Good 
geophysical data should be collected during groundwater development projects and compared 
to borehole geological logs. In particular, more detail is needed on the geophysical responses 
of mudstones and siltstones (e.g. the Obosum Group and Bimbila Formation), and to specific 
local lithologies within these (i.e., mudstone, siltstone and/or sandstone).  
The groundwater potential map (Figure 26) shows the spatial distribution of these formations 
and the areas where airborne geophysical data indicates that sandstones are more likely to be 
present, and could be used to help interpret geophysical results.   
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By increasing the separation distance of the electrodes in a VES, the depth of current penetration 
increases, providing information on the geology at greater depths (Figure 6). The maximum 
depth of penetration of a Schlumberger VES is related to the separation distance of the maximum 
outer (current) electrode (referred to as AB/2). A rule of thumb used by most geophysicists is 
that the depth of penetration is between one quarter and one half of the AB/2 maximum 
separation. In less resistive (i.e. more conductive) formations, the potential depth of penetration 
is less than in more resistive (i.e. less conductive) formations. In other words, at an outer 
(current) electrode separation of 100m, the results from the VES relate to a depth into the ground 
of about 25m (e.g. in weathered basement or soft mudstone) to about 50m (e.g. in unweathered 
basement or dry sandstone). To look deeper than about 25m in mudstone, therefore, outer 
(current) electrode separations need to be more than 100m. 
 
 
 
 
Figure 6 As electrode separation is increased in a resistivity survey, the depth of current 
penetration increases.  
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2.3.2.2 COMBINED VES/PROFILING DIPOLE-DIPOLE TECHNIQUE  
The resistivity procedure currently used by most of the IWASH consultants appears to be a 
combination of VES and profiling, with the resulting data relating to a number of soundings at 
different locations along a profile. The data then appear to be interpreted using a simple plot of 
field data, with no modelling, as if the data related to a single vertical sounding at a fixed 
location. Many of the interpreted data plots have a distinct saw-tooth appearance. Under standard 
circumstances (outside the Northern Region), these interpretations would be regarded by 
geophysicists as non-valid, because they are unphysical (i.e., unrelated to the actual physical 
structure of the ground) geophysical responses.  
The information from these plots then appears to be used directly to indicate the presence of 
fracture zones at particular depths. This is not a valid physical interpretation of these data. 
Even if carried out, modelled and interpreted correctly, VES resistivity surveys cannot identify 
fractures. 
It is the opinion of BGS that the current method of interpreting the data from this technique 
(which involves plotting the field apparent resistivity values and directly relating them to depth) 
does not give physically meaningful results. We are unaware of a model for interpreting the 
combined VES/profiling dipole-dipole technique that is currently used by many of the IWASH 
consultants in the Northern Region. A model for analysing VES data is available within a free 
software package for interpreting geophysical data, GeoVES. This software is currently used by 
a number of consultants. However, the model behind this software is unlikely to be applicable 
to the combined VES/profiling procedure being used by consultants – it appears to have been 
designed specifically for the Schlumberger array. Before it is used, therefore, its applicability 
should be carefully examined, and if the geophysical model behind this software is not 
directly applicable to the current procedure, either another, suitable model should be 
found, or another VES array for which a suitable model is available should be used.  
 
 
Figure 7 Typical geophysical results from different rock types 
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2.3.2.3 2D RESISTIVITY PROFILING (LUND) SYSTEM 
A 2D resistivity profiling system using Lund equipment is carried out on some sites in the 
Northern Region. This system allows for robust field procedure, and covers more ground more 
quickly than resistivity VES. The equipment may be considered relatively expensive but the cost 
is not excessive compared with other equivalent field geophysical equipment. It can achieve 60m 
penetration, although the maximum depth of penetration is only gained in the centre of the 
profile, and reduces significantly towards each end. However, it suffers from the same problems 
as VES in terms of getting current into dry ground, which can result in data noise.  
The Lund system used is based on the ABEM terrameter, with the addition of an electrode 
switching system and multiple (e.g. >48) electrodes. The data collection and modelling process 
is computerised and produces electronic cross sections. It is important that the operator inputs the 
correct field parameters for each survey, for example the electrode spacing if this changes from 
one survey to another. Because of problems with generating enough current, there can be high 
levels of noise in the cross sections, which can mask real geological features, so care should be 
taken to ignore data noise and instead to look for large anomalies which are more likely to be 
real geological features. It is also useful to compare the 2D profile results with an EM34 survey 
over the same line, and look for features that coincide in both sets of data.   
In addition, when interpreting the modelled resistivity cross sections, practitioners need to have a 
good understanding of the geophysical nature of the groundwater targets which are being 
searched for, such as typical resistivity values for sandstones (which have higher permeability 
and are a key groundwater target), and for mudstones (which have low permeability). 
 
 
Figure 8 Examples of interpreted resistivity survey results over mudstone (top) and 
sandstone (base) 
 OR/11/047    
   
15 
 
2.3.3 EM34  
Of the many different geophysical techniques that make use of electromagnetic (EM) induction 
to measure the ground conductivity, EM34 is probably the most popular. Carrying out EM34 
surveys is relatively quick, and the technique is very useful both in its own right and to 
complement resistivity surveys.  
During an EM34 survey, conductivity measurements are made with the coils in both vertical and 
horizontal orientations (Figure 9). The depth of penetration of the method depends on both the 
coil orientation and the coil separation. With the coils in vertical orientation, the average depth of 
penetration is about 0.5 to 0.8 x the coil spacing, although the response reduces with depth. With 
the coils in horizontal orientation, surveys can detect vertical conductors such as faults and 
fracture zones, which could be water-bearing.  
A good procedure is to run one or more EM34 profiles along each line that the reconnaissance 
survey highlighted as being of potential hydrogeological interest – such as perpendicular to 
regional lineations.  
For each EM34 profile, run a survey at both 20m and 40m coil separations. A coil separation of 
40m can give depths of penetration up to 60m into the ground (depending on the rock 
conductivity), and it provides a check on potential errors in measured data. Ensure that the coils 
are kept co-planar during measurements, to reduce any errors. 
Be aware of other potential measurement errors, e.g. electrical current from other geophysical 
surveys being run at the same time. If the measured values change quickly (e.g. by more than 15 
milliSiemens/metre over 1 to 2 stations), the readings should be repeated to check they reflect 
real features or are errors.  
 
     
Figure 9 EM34 survey with coils in vertical and horizontal orientation 
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Box 4 Key recommendations for using geophysics in borehole development in the 
Northern Region  
  
 
Geophysics does not tell us where groundwater is.  It can tell us about the geology beneath 
the site. Interpreting the geology can tell us about groundwater targets. 
The key to interpreting geology from geophysical results is a good knowledge of typical 
geophysical responses for different rocks – i.e. resistivity and/or conductivity values. The 
key to interpreting hydrogeology from geophysical results is to build up a good 
understanding of what the groundwater targets are in each rock types and how deep 
they are, as well as how these targets may show up in geophysical responses.  
Following on from the above. Using VES soundings obtained using a single-method (e.g. the 
Schlumberger configuration), plot multiple sounding curves from many locations on the 
same graph. Group the soundings according to rock-type or other information, to obtain 
useful summaries of the electrical properties of the rocks. 
Geophysical surveys should look deeper by increasing electrode separation; and analyse 
results correctly. The combined VES-profiling technique and its interpretation method that 
are currently used widely would be regarded by most geophysicists as non-valid. 
To maximise the amount of information, ideally at least two geophysical methods should 
be used together. For example, run one or more EM34 profiles along the lines that the 
reconnaissance survey identified as being hydrogeological interest; identify features that are 
potential groundwater targets from the EM34 results; and follow up by running VES over 
these features. 
Careful field procedure is needed to ensure good data are collected (Box 2). 
G d h i l d h ld b ll d f i d d l j
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2.4 DRILLING AND CONSTRUCTING BOREHOLES 
Good practice in drilling and constructing boreholes is discussed in detail in Chapter 6 of the 
training manual (MacDonald et al. 2005).  
Every borehole drilled can provide potentially useful data to support future groundwater 
development. Careful data collection and lesson learning during borehole development are 
disproportionately important in the difficult hydrogeological environment of the Northern 
Region.  
Recording borehole information should not be done just to check on the drillers work. 
Information such as water strike depth, the geology at that depth, the yield and the groundwater 
SEC (conductivity) is all highly useful knowledge that can help ensure boreholes are properly 
designed and successful. Because groundwater target zones cannot be seen at the surface, the 
evidence gained from drilling is vital in order to accurately locate and successfully exploit 
any water yielding zones. 
Following these key recommendations will help to develop a better understanding of the geology 
and hydrogeology of the Northern Region. Careful data collection during borehole drilling and 
testing; the central collection of the data; and the interpretation and use of the data by 
practitioners, will help build a more detailed understanding of the type and depths of 
groundwater targets in the different rocks.  
 The rigorous collection and recording of information should be enforced by the technical 
specifications of the contract. Drilling supervision is best undertaken by a knowledgeable 
hydrogeologist. The drilling supervisor, as the consultant’s representative on site, is 
responsible for all data collection and recording and for borehole construction. 
 Maintain good control of the drilling crew, in order to collect good quality data, such as 
geological samples and groundwater flow data (Figure 10). Collecting the best data may 
mean drilling more slowly.   
 
 
Figure 10 Working closely with the drilling crew is important to ensure good quality data 
are collected and recorded 
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Figure 11 Using a stopwatch to accurately record drilling penetration rate 
 
Key recommendations for data collection during drilling:  
 Accurately record drilling penetration rate (Figure 11). Trying to increase drilling speed 
by excessive hydraulic pull down can cause excessive dust production, and a non-vertical 
borehole. In softer rocks (e.g. mudstone, or weathered sandstone) it may better to use air 
flush rotary drilling with medium-toothed tricone (rock roller) bits, instead of down-the-
hole hammer bits. This will produce larger rock chip samples, reduce dust, and may be a 
cheaper method of drilling. 
 Rock chip samples should be collected every 1m. The supervisor should ensure that the 
driller tops each 1m and blows the borehole clear before re-starting, in order to clear the 
hole and allow the collection of an accurately-located depth sample. 
 Chip samples should be washed to show their true colour, which is an important 
indicator of weathering as well as lithology, and therefore of the location of potential 
groundwater targets.  
 Chip samples should be stored on site in a suitable manner, e.g. in sectioned sample 
boxes (Figure 12). These allow easy and effective logging and recording, ideally by 
photograph using a digital camera. An alternative to the standard sample boxes is to make 
‘photo logs’ with a digital camera of rock chip samples stored in sectioned, marked 
halved plastic pipes. These photo logs clearly show rock colour changes caused by 
weathering or lithological changes with depth and can be combined with typed-up 
lithological descriptions, and stored digitally. An example is shown in Figure 16.   
 Particular care should be taken over chip sample description, or logging. Even if the 
exact identification of the lithology or rock type (e.g. sandstone or siltstone) is uncertain, 
the following parameters should be fully and consistently described for each interval 
(ideally each 1m) of the borehole: colour (defined using standard charts, e.g. Munsell 
colour charts or other standardised chart (Figure 14), other indications of degree or 
nature of weathering (e.g. oxidation), and any indications of fractures (e.g. vein 
quartz/calcite). A hand lens should be used if possible (Figure 13).  
 It is possible to preserve small sub-samples of chip samples in suitable containers (e.g. 
sealed plastic bags or pill bottles), labelled by depth, borehole ID and location. This data 
could be very useful for future geological and/or hydrogeological investigations. 
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Figure 12  Different kinds of marked and labelled container for systematically 
storing rock chip samples for logging 
 
 
Figure 13 Rock chip samples from drilling should be washed and carefully examined, 
using a hand lens if possible 
 
    
Figure 14 Using colour charts to standardise the description of rock chip samples  
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If water is struck in a borehole:  
 Identify each water strike zone encountered on drilling, and measure a representative 
‘blow yield’. This can be done by channelling the discharge from the borehole through a 
pipe into a bucket of known volume and measuring the time taken to fill the bucket 
(Figure 15). 
 If groundwater is struck, the SEC (water conductivity) of the water should be measured at 
the end of each drill rod length and at each subsequent water strike. This will give a first 
indication of water quality.  
 If no water is struck, but there are indications of water presence – such as damp or muddy 
chip samples – the borehole should be left to stand overnight and then checked again. 
The smearing of the borehole sides during drilling can temporarily block fractures that 
can clear overnight, allowing water to flow in. If water is found, the borehole should be 
cleaned by airlift and the borehole yield measured to determine if it is high enough. 
 
Key recommendations related to borehole construction are: 
 Borehole screen needs to be placed accurately to coincide with all potential groundwater 
flow zones. This may mean screening the whole length of a borehole, particularly if it 
intercepts wholly or mostly sandstone. It is not efficient to place screen approximately, 
and hope that vertical flow will be induced in the formation stabilised.  
 The uppermost 5 to 10 m of borehole casing should be pressure grouted to produce an 
effective sanitary seal. 
 In mechanised boreholes the completed borehole diameter should be wide enough to 
allow the installation of a narrow tube for groundwater level monitoring. The discharge 
pipe from mechanised boreholes should be fitted with an in-line flow meter to allow 
regular monitoring of abstraction rate.  
Following construction, the borehole should be thoroughly developed to effectively clean the 
borehole screen, until the discharge water is clear and the discharge rate has stabilised. 
 
    
Figure 15 Measuring borehole yield using a stopwatch, bucket (left) and/or V notch weir 
(right) 
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Figure 16 Example of a detailed ‘photo log’ for a section of a dry borehole drilled at 
Kpachaa village, Northern Region, during the training course. Numbers are depth below 
the ground surface in metres 
  
 
26 – 27 Dark red brown and grey soft weathered mudstones
27 – 28 Dark red brown soft weathered mudstones
28 – 29 Grey and dark red brown hard siltstone
29 – 30 Interbedded grey and dark red brown hard siltstone and soft mudstone
30 – 31 Light grey hard and red brown soft siltstones
31 – 32 Dark red brown soft mudstone
32 – 33 Dark red brown and light grey variegated mudstone
33 – 34 Dark red brown and light grey silty finer bedded mudstones
34 – 35 Mainly dark brown with some light grey mudstones and dark grey siltstones
35 – 36 Dark brown and light grey shaley mudstones
36 – 37 Dark brown shaley mudstones with some light grey mudstone
37 – 38 Soft dark brown mudstones and hard grey shaley siltstone 
38 – 39 Soft dark brown and grey mudstone
39 – 40 Soft shaley dark brown and grey mudstone
40 – 41 Soft shaley dark brown and grey mudstone
41 – 42 Harder dark brown and grey silty mudstone
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Box 5 Key recommendations for borehole drilling and construction in the Northern 
Region 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Box 6 Borehole testing 
 
 
 
 
 
 
 
 
 
 
  
A detailed description of borehole test pumping techniques and interpretation methods is given 
in Chapter 7 of the training manual (MacDonald et al. 2005).  
The data gathered during test pumping of the IWASH boreholes should be carefully analysed 
to provide more information on aquifer properties, such as transmissivity and specific 
capacity values for different geological formations. 
Continued monitoring of abstraction rates, water levels and water quality in all boreholes, 
but especially in mechanised boreholes, is key to effective groundwater management. This 
information provides user communities with advanced warning of any problems, and is 
especially important where there are small borehole yields from low productivity aquifers.  
Where boreholes have declined in yield or failed after several years – particularly for high 
yielding (e.g. mechanised) boreholes – then it may be possible to re-develop the borehole. 
However, the cause of falling yields should be investigated thoroughly – e.g. using a downhole 
camera – to show whether the failure is due to pump breakdown, borehole screen siltation or 
blockage, or falling groundwater levels if local groundwater storage is used up. This should be 
done before going to the trouble and expense of remediation work such as hydrofracturing, or 
siting and drilling replacement boreholes.  
Good practice in drilling and constructing boreholes is discussed in detail in Chapter 6 of 
the training manual (MacDonald et al. 2005).  
Drilling deeper than approximately 70m in mudstones and siltstones is not likely to 
result in significant additional yields. Drilling below this to 100m in sandstones may 
produce significant additional yields, but drilling below 100m even in sandstones is 
likely to only produce small, occasional additional inflows. There is little evidence that 
drilling deeper than approximately 120m in sandstones is likely to produce significant 
additional yields. 
Collect chip samples every 1 m; wash them; and log them carefully using standard colour 
charts. If possible, take photographs of the chip samples. Making ‘photo logs’ is very 
helpful in interpreting the geology. 
When constructing boreholes, place screen so that it covers all potential groundwater flow 
zones. This may mean screening the whole length of a borehole, particularly if it 
intercepts wholly or mostly sandstone.  
 OR/11/047    
   
23 
 
2.5 DATA MANAGEMENT AND INTERPRETATION  
In order to improve understanding of the regional hydrogeology, which is key to improving local 
borehole siting decisions, there needs to be both central collation of geological and 
hydrogeological information from across the region, and interpretation of this information at 
a regional scale. Data and information collected during groundwater development projects is 
vital for developing this improved understanding.  
A central database such as the CWSA DIMES system is vital in order to collate, manage and 
make data available. It needs to be as comprehensive as possible and to include data from 
across the region; to include as much relevant information as possible on each borehole; 
and to be regularly updated.  
However, even a detailed database like DIMES cannot hold all potentially relevant and useful 
information related to groundwater development. Two key areas where different data storage 
systems may be very useful are in storing (1) geophysical survey data and (2) detailed geological 
information.  
If the analysed results and hydrogeological interpretations of geophysical surveys are 
stored and made available centrally, they can be used by practitioners to increase their 
confidence in surveying new sites. For example, someone carrying out a geophysical siting 
survey on the Bimbila Formation could easily examine the results of previous surveys on the 
same formation – i.e. conductivity and/or resistivity values and patterns – along with lithological, 
water strike and yield information from boreholes drilled at the same sites, to indicate what they 
should look for in the results of the new geophysical survey to identify potential groundwater 
targets. 
Another important step in improving understanding would be making available detailed 
interpretations of drilling logs for each of the geological formations. Although the most 
detailed hydrogeological information from boreholes can only be produced by drilling and 
interpreting cored boreholes, it is possible to obtain very useful information from the boreholes 
drilled for groundwater abstraction, particularly if the small changes in data collection during 
drilling recommended in this report are made, so that subtle details in the complicated 
intercalated sedimentary sequences typical to the Northern Region are not overlooked during 
borehole logging. One way to move towards a better regional geological understanding may be 
to deposit digital copies of improved borehole logs with the Geological Survey of Ghana, 
who have the expertise and regional understanding to interpret them. For example, consultants 
could provide a scanned version of their hand-written field log alongside a photograph of the 
chip samples from the field (a ‘photo log’ – Figure 16) and a digital copy of the summary log 
from the project report. Even if information from only a small percentage of new boreholes 
drilled was deposited in this way, it would significantly increase the amount of geological 
information available for study and interpretation in the future.  
The wider use of maps may also help to improve understanding of groundwater potential across 
the region. Existing maps – geological maps, such as the one in Figure 17; or hydrogeological or 
groundwater potential maps such as the one in Figure 27 – can clearly show how groundwater 
potential may vary across an area. Creating new maps using new data can also help in 
interpreting and sharing information: for example, plotting the locations and results of new 
geophysical surveys; data from new boreholes; or the results of groundwater chemistry analyses. 
Creating and sharing such maps is becoming increasingly easy with the wider availability of GIS 
software.  
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3 Hydrogeology of the main geological units in the 
Northern Region 
This summary of the current understanding of the hydrogeology of the main geological units in 
the Volta Basin rocks of the Northern Region is based on the assessment and interpretation of 
available data collated from organisations in the region and from projects such as the EU funded 
Mining Sector Support Programme (MSSP) programme; on discussions with Northern Region 
groundwater practitioners during the workshop and training; and on observations made by BGS 
during the two visits to the Northern Region during the BGS work.  
A summary of the understanding of the hydrogeology of the Northern Region is provided by a 
new groundwater development potential map produced during this project, and presented in 
Section 3.5. The notes in the table accompanying this map will help practitioners assess the 
groundwater potential (Table 2).  
3.1 GENERAL GEOLOGY 
In order to understand hydrogeology you need to understand the geology. The geology of the 
Northern Region, and of the area underlain by the Volta Basin in particular (which is the focus of 
this study), is still relatively poorly understood. The current geological understanding is 
summarised here. The geology of the region is summarised in the map in Figure 17.  
At the ground surface across most of the area, the rocks are covered by a layer of laterite 
(generally red tropical soils that are rich in iron and aluminium). When it overlies mudstones, the 
laterite is usually thicker – generally thought to be between 2 and 5m thick – and often nodular 
or tubular (formed into hollow tubes through which water can move). There is also typically a 
layer of kaolin clay between the laterite and the underlying mudstone. When it overlies 
sandstones, the laterite is typically thinner – thought to be only 1 to 2m thick, if present at all – 
and generally gravelly or sandy in nature.  
Below the laterite, all the rocks in the region are typically highly weathered to a depth of at least 
10m and often to between 30 and 60m. Few rock outcrops are visible at the ground surface, and 
so it is difficult to map, in detail, changes in geological units across the area; and it is impossible 
to have any detailed understanding of the nature of the unweathered rocks at depth. The 
characteristics of the rocks at depth, and lithological changes from one area to another, must 
largely be either inferred from remote sensing – and confirmed where possible by ground 
truthing – or observed from evidence gained by borehole drilling. The recent new geological 
mapping based on airborne geophysical sensing from MSSP has provided data that has been 
used to help refine the existing geological maps for part of the Northern Region, but even this 
was based on limited ground truthing. There has been little or no drilling for geological research 
in the Northern Region: what downhole information is available has been derived from drilling 
for water or minerals. A revised lithostratigraphy of the Voltaian Supergroup has recently been 
published based on recent work (Carney et al. 2010), and this paper and many other resources 
are available on the internet. However, even the most recent geological map and understanding 
still has little detail on the lithology of the geological units in the Northern Region, and in 
particular the interbedded mudstones, siltstones and rare sandstones of the Obosum Group and 
the Bimbila Formation that underlie a large part of the region.  
The rocks of the far west of the Northern Region (Figure 17) are not part of the Volta Basin, and 
are also outside the area of the IWASH programme, and they have not been investigated as part 
of this project. The rest of the region is underlain by mixed sedimentary rocks of the Voltaian 
Supergroup, which infills one of the major sedimentary basins within the older metamorphic and 
igneous West African rocks. The Voltaian Supergroup forms a Neoproterozoic (late 
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Precambrian) to Early Palaeozoic, largely clastic, but lithologically very diverse sedimentary 
sequence. Mudstones, siltstones, sandstones, conglomerates and limestones occur in varying 
proportions across the Northern Region. They thicken progressively from west to east, where 
they terminate abruptly against older Precambrian basement rocks of the Buem and Togo 
Formations. These older rocks were once part of an ancient mountain range, which was eroded to 
provide the sediment that infilled the Voltaian Basin and formed the rocks of the Voltaian 
Supergroup (Carney et al. 2010). 
The Voltaiain Supergroup can be divided into four lithostratigraphical groups: from oldest to 
youngest, these are the Boumbouaka, Kwahu, Oti-Pendjari, and Obosum groups. These groups 
are subdivided into a number of formations and members. Selected geological units are named in 
Table 1 (which lists the seven most widespread geological units in the are of IWASH interest in 
the Northern Region) and in the legend of the map in Figure 17. 
3.2 GENERAL HYDROGEOLOGY  
Although there is no direct evidence yet, the unweathered rocks of the Volta Basin in the 
Northern Region are likely to be well-cemented and to have little primary porosity or 
permeability. Groundwater storage and flow in the unweathered rocks occurs mainly in fractures. 
Most of the rocks in the Northern Region have low or very low aquifer productivity and 
groundwater potential. Borehole success rates are typically between 40 and 60%, but are as 
low as 20% in the lowest productivity aquifer, and generally not more than 70% even in 
the highest productivity aquifer (the Anyaboni Sandstone Formation). A successful borehole is 
defined as one capable of supplying a hand pump: the nominal criteria for success have differed 
slightly across different projects and also between theory and practice, but are generally between 
8 and 13.5 l/min. For the purposes of this project, an average nominal yield of 10 l/min has been 
taken to indicate success. 
In the upper weathered zone of the rocks, particularly in sandstones and less so in siltstones, 
weathering of fractures can increase aquifer permeability and allow enhanced groundwater flow 
and storage. Fractures in sandstones are the most important groundwater target in the 
Northern Region. Only small amounts of groundwater are found in fractures in siltstones. 
Groundwater is rarely found in mudstones. In some formations, particularly the Bimbila 
Formation, it is recognised that groundwater can be found in thin zones at lithological boundaries 
between mudstone and siltstone.  
The available information shows that the most important zone of groundwater flows is 
between approximately 30 and 70m depth. The small number of deeper boreholes that have 
been drilled, particularly during the HAP project – most of which have also been flow logged – 
generally show that there is little groundwater inflow below 70m, particularly in mudstones and 
siltstones. The exceptions are in sandstones which sometimes do show significant inflows up to 
100m and occasional smaller inflows below 100m. There is no evidence of significant 
groundwater flows at depths of over 100m. 
A preliminary reprocessing of recent airborne magnetic data by BGS has revealed the locations 
of what appear to be an extensive set of regionally extensive lineations that cross much of the 
Volta Basin, including much of the Northern Region. These have been previously interpreted as 
fracture zones, although they have not yet been confirmed, and there has been no investigation of 
them in relation to groundwater potential. If their presence is interpreted and confirmed (e.g. by 
controlled ground magnetic measurements and by ground geological assessment) and further 
work shows that they are related to groundwater-bearing features (e.g. surface geophysical 
surveys and drilling results show they correlate to zones of increased fracture flow), knowledge 
of these lineations may help define local fracture strike directions, which could improve the 
success of borehole siting. The subject warrants further research. 
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Geological map for the Voltaian Basin project area provided by BGS with permission from the Director of the Geological Survey of Ghana. 
The geological units discussed in this report are summarised in Table 1. 
Figure 17 The geology of the Northern Region (based on recently revised geological mapping and nomenclature; extended specifically for this 
project to cover the Northern Region, by reference to national geological map of Ghana at 1:1 million scale).   
Bedrock (250K)
Accraian (Mid Devonian)
Sang Conglomerate
Tamale Sandstone Formation
Obosum Group (undivided)
Upper Voltaian (undivided)
Bunya Sandstone Member
Chereponi Sandstone Member
Bimbila Formation (undivided)
Afram Formation (undivided)
Darebe Tuff Member
Buipe Limestone Member
Anyaboni Sandstone Formation
Panabako Sandstone Formation
Damongo Formation
Poubogou Formation
Tossiegou Formation
Undivided Kwahu Group
Cape Coast Granite Complex
Dixcove Granite Complex
Tarkwaian Group
Buem (undivided)
Birimian Supergroup
Undivided
 
50 0 5025 Kilometers
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3.3 HYDROGEOLOGY OF INDIVIDUAL GEOLOGICAL UNITS 
There are significant amounts of hydrogeological information for the seven most widespread 
geological units within the area of IWASH interest (effectively from the Anyaboni Sandstone 
Formation (which crops out in the eastern part of West Gonja district) to the Afram Formation 
(which crops out in Zabzugu Tatale district) – see Figure 17).  A number of other units have 
smaller outcrops, and hence have been drilled into less often, and little is known about their 
hydrogeology; additionally, some of these are relatively thin, and may not be significant in terms 
of groundwater flow. The names and a summary of the lithology of seven most widespread 
geological units are given in Table 1. The hydrogeology of these seven units is then described in 
decreasing order of age from youngest to oldest.  
 
Table 1 Lithostatigraphical column for the seven most widespread geological units in 
the area of IWASH interest in the Northern Region (after Carney et al. 2010) 
Group Formation/Member Lithology 
Obosum Group      
(includes the Tamale Sandstone and 
Sang Conglomerate formations, but 
generally undivided) 
The undivided Obosum Group is 
dominated by mudstones and 
siltstones, with subordinate 
sandstones  
Oti-Pendjari 
Group 
Bunya Sandstone Member                    Dominantly grey-green. medium grained feldspathic sandstones 
Chereponi Sandstone Member               Alternating grey-green, medium grained sandstones and siltstones 
Bimbila Formation  
Dominantly grey to green, weakly 
micaceous mudstones and 
siltstones with thin beds of green-
grey sandstones  
Afram Formation  
Dominantly grey-green micaceous 
mudstones and siltstones, with 
rare limestone and sandstone  
Kwahu Group Anyaboni Sandstone Formation             Medium to fine grained, grey to red feldspathic sandstone  
Bombouka Group Panaboko Sandstone Formation  
Grey, weathering to yellow & 
pink, medium grained quartzose 
sandstone  
 
3.3.1 Obosum Group  
Dominated by interbedded, thinly-laminated and highly variegated (yellow/brown/grey/purple/ 
green) micaceous mudstones and purplish-grey, micaceous siltstones. Rare beds of very fine-
grained sandstones, and sporadic but highly distinctive beds of pebble conglomerate, particularly 
near the base of the group. Thinnest at its western edge, the maximum thickness is unknown but 
likely to exceed 400m. In the Northern Region the Obosum Group forms gently undulating 
terrain, with extensive formation of tubular and nodular laterite at the surface, overlying a 
weathered zone of kaolin clay.  
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The recorded boreholes in the Obosum Group are usually between 30 and 90m deep, with a 
small number drilled up to 150m deep. Most boreholes drilled are dry – the proportion showing 
any yield at all is less than 30% (Figure 20). In non-dry boreholes, recorded yields range from 2 
to 1000 l/min (Figure 18), with median yields ranging from 10 to 15 l/min (based on statistics 
from the three main borehole datasets: the HAP database of abstraction boreholes; IWASH 
boreholes; and monitoring boreholes – Figure 21). In the IWASH and previous programmes, 
between 20 to 25% of boreholes were high enough yielding to be able to supply a hand pump – 
taken as a nominal yield of 10 l/min (Figure 22). Taking this value of 10 l/min to indicate 
success, the success rate of boreholes in the Obosum Group drilled during the HAP monitoring 
well programme was higher, at 50%, although only six boreholes were drilled during this 
programme. There is little indication that deeper boreholes consistently show higher yields 
(Figure 18). 
The Obosum Group therefore generally forms a very low productivity aquifer. The mudstones 
which often dominate much of the unit do not appear to contain significant groundwater, either 
when weathered or unweathered. The siltstones occasionally contain water-bearing fracture or 
weathered-out fracture zones. Occasional high yielding boreholes have been drilled in this group, 
but typically only where significant thicknesses of sandstone are encountered; thin fracture zones 
in the sandstone are thought to be the most important groundwater targets in this case. However, 
not all boreholes drilled into sandstones within the Obosum Group have produced high yields, 
which indicate that fractures are not well-developed everywhere in the sandstone.  
3.3.2 Bunya Sandstone Member (Oti-Pendjari Group) 
The Bunya Sandstone Member is thought to be generally about 50m thick, and consists of minor 
maroon, green and grey, slightly micaceous siltstones overlying the dominant lithology of grey-
green, medium-grained, micaceous, poorly sorted sandstones, which are rich in feldspar and 
lithic grains of quartz, red jasper and meta-volcanic rocks. 
Overlying the unit there is typically thin, gravelly laterite, sometimes capped by a thin iron oxide 
cement. 
The recorded boreholes in this unit are usually between 30 and 70m deep, with a small number 
drilled up to 150m deep. The deeper of these boreholes are therefore likely to have been drilled 
through the total thickness of the Bunya Sandstone Member and into the underlying Bimbila 
Formation. 
Only around 40% of drilled boreholes give any yield at all (Figure 20). In non-dry boreholes, 
recorded yields range from 5 to 1000 l/min (Figure 18). The median yield of boreholes that were 
not dry is variable in the different programmes, from 7 to 180 l/min (Figure 21). Success rates in 
this unit in the IWASH programme (17%) were lower than in previous programmes (40%) or the 
HAP monitoring borehole programme (all of the four boreholes drilled) (Figure 22). There is 
little indication that deeper boreholes consistently show higher yields (Figure 18). 
The Bunya Sandstone Member therefore appears to form a moderately to highly productive 
aquifer if conditions are favourable, with the key groundwater target likely to be thin fracture 
zones within the sandstones. However, the high percentage of dry boreholes drilled indicates that 
there may be great variability in the development of fractures across the unit, and that where 
fractures are not well-developed, yields can be negligible.  
3.3.3 Chereponi Sandstone Member (Oti-Pendjari Group) 
This member is thought to be 40-60m thick, and is made up of hard, possibly siliceous, dark 
olive-green to grey, fine- to medium-grained micaceous and lithic-rich feldspathic, arkosic 
sandstone.  
 OR/11/047    
   
29 
 
Overlying the unit there is typically thin, gravelly laterite, sometimes capped by a thin iron oxide 
cement. 
The recorded boreholes in this unit are typically between 20 and 70m, with an occasional 
borehole down to 90m. The deepest of these boreholes are therefore likely to have been drilled 
through the total thickness of the Chereponi Sandstone Member and into the underlying Bimbila 
Formation. Only around 40% of drilled boreholes provide a yield (Figure 20). In non-dry 
boreholes, recorded yields range from 3 to 300 l/min (Figure 18). The median yield of boreholes 
that were not dry appears is around 40 l/min, although the two non-dry boreholes drilled in this 
formation for the IWASH programme gave a lower median yield of 15 l/min (Figure 21). 
Success rates (boreholes yielding 10 l/min or more) were between approximately 40 and 50% in 
the IWASH and previous programmes (Figure 22). There is little indication that deeper 
boreholes consistently show higher yields (Figure 18). 
The Chereponi Sandstone Member appears to form a variably productive aquifer, from low to 
high. The main groundwater targets are likely to be thin fracture zones, but the high percentage 
of dry boreholes, and the variability in yields, indicates that fractures are not well-developed 
everywhere.  
3.3.4 Bimbila Formation 
This unit consists of green-grey mudstones and siltstones interbedded with subordinate green-
grey, feldspathic sandstones. 
Overlying the unit there is typically tubular laterite at the surface with weathered kaolin clay 
below; the clay layer tends to be thinner below low-lying areas than beneath higher ground. 
The recorded boreholes in this unit are typically between 20 and 80m, with an occasional 
borehole down to 170m.  Only around 40% of drilled boreholes are not dry (Figure 20). In these 
non-dry boreholes, recorded yields range from 4 to 1000 l/min (Figure 18). The median yield of 
boreholes that were not dry is between 20 and 27 l/min for boreholes in the IWASH and previous 
programmes, but the ten monitoring boreholes drilled showed a much higher median yield of 
85 l/min (Figure 21). Two of the monitoring boreholes had particularly high yields of 700 l/min. 
There is little indication overall that deeper boreholes consistently show higher yields (Figure 
18); the two boreholes with yields of 700 l/min were 106 and 120m deep, but most of the deeper 
boreholes (120 to 166m deep) had yields of less than 20 l/min. Success rates (yields of 10 l/min 
or more) for boreholes in the Bimbila Formation appear to have increased from previous 
borehole development programmes (40%) to the IWASH programme (55%) to the HAP 
monitoring well programme (80%) (Figure 22).  
The Bimbila Formation therefore appears to form a moderate to low productivity aquifer, 
probably largely dependent on the lithology. The main groundwater targets are likely to be 
weathered-out fracture zones in siltstones and sandstones; and it is observed that groundwater 
flows also occur in thin zones at lithological boundaries between mudstone and siltstone. Higher 
yields may also occur in thicker sandstone units.   
3.3.5 Afram Formation 
This unit mainly consists of olive-green to grey mudstones and siltstones, with occasional thin 
limestones. The formation tends to readily weather to an ochreous, ferruginous tubular laterite 
over kaolin clay, which is thinner below low-lying areas than beneath higher ground. 
The recorded boreholes in this unit are generally between 30 and 70m.  Some 50% of drilled 
boreholes are dry (Figure 20). In non-dry boreholes, recorded yields range from 6 to about 
550 l/min (Figure 18). The median yield of boreholes that were not dry ranges from 
approximately 20 to 35 l/min (Figure 21). Success rates for boreholes in the Afram Formation in 
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previous programmes were around 40%, and for the IWASH programme were 55% (Figure 22). 
No boreholes deeper than 70m have been recorded.  
The Afram Formation therefore appears to form a moderately productive aquifer. The main 
groundwater targets are likely to be weathered-out fracture zones, especially in siltstones and 
rare limestones. These fractures are not likely to be well-developed everywhere.  
 
     
  
    
Figure 18 Borehole depths and measured yields in the Obosum Group, Bunya Sandstone 
Member, Chereponi Sandstone Member and Bimbila Formation. Note the different 
vertical scales.  
3.3.6 Anyaboni Sandstone Formation (Kwahu Group) 
This has been mapped as a 150-200m thick unit, comprising finer-grained, argillaceous and 
micaceous strata at its base, passing upwards into grey to pink, medium-grained, feldspathic, 
mainly sub-arkosic sandstones, which are at least partly aeolian in origin. 
Overlying the unit there is typically thin, gravelly laterite, sometimes capped by a thin iron oxide 
cement. 
The recorded boreholes in this unit are typically between 40 and 60m, with a very small number 
of boreholes between 100 and 120m.  Some 70% of drilled boreholes provide a yield (Figure 
20). In these non-dry boreholes, recorded yields range from 7 to 1000 l/min (Figure 19). The 
median yield of boreholes that were not dry is high, from 150 l/min in previous programmes to 
260 l/min in the HAP monitoring boreholes programme (Figure 21). Success rates (boreholes 
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yielding 10 l/min or more) are also high, from around 70% in previous programmes to 100% in 
the HAP programme (Figure 22). There is some indication that higher yields can be found with 
depth: all the boreholes between 100 and 120m had yields of between 300 and 600 l/min (Figure 
19).  
The Anyaboni Sandstone Formation therefore appears to form a moderate to high productivity 
aquifer. The main groundwater target is likely to be thin fracture zones, which are likely to 
become less frequent and productive with depth, but the limited evidence from the deeper 
monitoring wells, which have been flow logged, indicates that there can be significant inflows at 
depths of up to 100m, and occasional inflows below 100m. 
 
    
 
Figure 19 Borehole depths and measured yields in the Afram Formation, Anyaboni 
Sandstone Formation and Panaboko Sandstone Formation. Note the different vertical 
scales 
 
3.3.7 Panaboko Sandstone Formation (Kwahu Group) 
This unit is estimated to be 150-200 m thick, and comprises hard, well-cemented, well sorted, 
medium-grained, quartzose sandstones (quartz arenites or quartzites), with minor feldspar 
content, which are typically white or locally stained ochre.  
Overlying the unit there is typically thin, gravelly laterite, sometimes capped by a thin iron oxide 
cement. 
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Of the recorded boreholes in this unit, all but two are between 30 and 70m deep, with two new 
monitoring wells around 160m deep. Some 40% of drilled boreholes are not dry (Figure 20), and 
in these boreholes, recorded yields range from 2 to about 550 l/min (Figure 19). The median 
yield of boreholes that were not dry is between 15 and 35 l/min (Figure 21). The two deep 
monitoring wells drilled in the HAP programme showed relatively low yields, with one in 
particular, at more than 160m deep, yielding only 3 l/min. Based on the evidence of the only two 
deep boreholes, there is no indication that higher yields are found with depth (Figure 19).  
The Panaboko Sandstone Formation appears overall to form a moderate to high productivity 
aquifer. The main groundwater target is likely to be weathered-out fracture zones in the shallow 
zone to about 20 to 30m depth, and largely unweathered fracture zones below this, which are 
likely to become less frequent and productive with depth. In the two deep boreholes, flow 
logging showed there were small inflows below 100m, but these did not increase the yield 
significantly.  
 
 
Figure 20 Percentage of non-dry boreholes (i.e. any yield more than zero) from the three 
main datasets (HAP database of abstraction boreholes – including data from EU and AFD 
projects; IWASH boreholes; and monitoring boreholes) 
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Figure 21 Median yields of non-dry boreholes by geological formation, from the three 
main datasets (HAP database of abstraction boreholes – including data from EU and AFD 
projects); IWASH boreholes; and monitoring boreholes). The number of boreholes in each 
geological unit is given above each bar. 
 
Note that different borehole success criteria – defined as the nominal yield required to support a hand 
pump – have been used in different projects in the Northern Region, but these are generally between 8 
and 13.5 l/min: 10 l/min is used here as an average. 
Figure 22 Borehole success rates (boreholes yielding 10 l/min or more) by geological 
formation, from the three main datasets (HAP database of abstraction boreholes – 
including data from EU and AFD projects; IWASH boreholes; and monitoring boreholes). 
The number of boreholes in each geological unit is given above each bar.  
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3.4 GROUNDWATER QUALITY 
The available chemistry data indicates there is often a difference in the degree of mineralisation 
of groundwaters in sandstones and in mudstones/siltstones. Groundwater from sandstones, such 
as the Bunya Sandstone and the Anyaboni Sandstone, appears to be generally less mineralised, 
with lower conductivity (measured by SEC – specific electrical conductivity). Groundwater from 
units dominated by mudstones and siltstones, such as the Obosum Group, often has higher 
conductivity, and in certain areas – such as near Tamale – very high conductivity (Figure 23). 
There is only enough full major ion analysis to characterise water types for the Obosum Group, 
Bunya Sandstone Member and Bimbila Formation. Most of the groundwaters for which major 
ion analysis are available have a cation dominance by Na-K (Figure 24), with a few having no 
overall dominant cation. For most of the samples the dominant anion is HCO3, or there is no 
dominant anion, but a small subset of groundwaters from the Obosum Group are dominated by 
Cl (Figure 24).  
The most prominent natural groundwater chemistry issue in the Northern Region is the presence 
of elevated fluoride concentrations. These occur sporadically across the region, but are much 
more common in the eastern corridor (Figure 25). There is also evidence that fluoride is more 
common in sandstones than in mudstones or siltstones. There is little obvious relationship from 
the Northern Region data between fluoride concentrations and other parameters which are often 
correlated with fluoride, such as pH, Ca, HCO3, or Na. There may be a relationship with the 
feldspar content of the sandstones, which is thought to be higher in the eastern part of the region, 
linked to the mineralogy of the basement rocks to the east which formed the sediment source for 
the rocks of the Voltaian Basin.  
 
 
Figure 23 Groundwater conductivity (SEC – specific electrical conductivity) across the 
Northern Region 
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Figure 24 Piper plots for (i) the Obosum Group, (ii) the Bunya Sandstone Member and 
(iii) the Bimbila Formation  
 
Nitrate is the most commonly recorded pollutant of groundwater in the region, although recorded 
instances of high nitrate concentrations are still rare and isolated (Figure 26). They are thought 
by most practitioners to be linked to the increasing use of artificial fertiliser by farmers, although 
there may also be a link between increased nitrate concentrations and local contamination by 
human and/or animal waste.  
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Figure 25 Fluoride concentrations in groundwater across the Northern Region 
 
 
 
Figure 26 Nitrate concentrations in groundwater across the Northern Region 
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3.5 A GROUNDWATER DEVELOPMENT POTENTIAL MAP FOR THE 
NORTHERN REGION 
A map of the different geological formations in the Northern Region has been produced (Figure 
27), together with an attribute table indicating groundwater development potential in each 
geological formation, and recommendations for appropriate development techniques (Table 2). 
The map highlights known variations in aquifer productivity (i.e. potential groundwater yield) 
and relevant groundwater development issues in different geological units. It was created by 
BGS and refined by feedback from Northern Region groundwater practitioners and by 
observations made by BGS during the two visits to the Northern Region as part of this project. 
The map can directly help groundwater development practitioners to select locations for 
groundwater development.  
Each geological formation has been categorised as having either Low, Moderate or High 
groundwater potential, based on the recorded yields of boreholes drilled into the geological 
formations in the Northern Region, and corresponding in general to: 
 Low groundwater development potential: <15 l/min 
 Moderate groundwater development potential: 15-80 l/min 
 High groundwater development potential: >80 l/min 
If borehole yields in a geological formation vary significantly, the groundwater potential is given 
two or more categories, with the first named reflecting the most common category. For example, 
Moderate to High groundwater potential describes a formation which generally has Moderate 
potential but sometimes has High potential; while High to Moderate groundwater potential 
describes a formation which generally has High potential but sometimes has Moderate potential. 
One of the formations – the Chereponi Sandstone Member – shows very variable yields, and has 
been classed as having Low to High groundwater potential.    
The map focuses on the seven main geological formations that underlie the central and eastern 
parts of the Northern Region, where the IWASH programme has been operating. Most of the 
boreholes in the region have been drilled into these formations, and so most hydrogeological 
information is available for them. Other minor formations occur in this area, but they cover a 
relatively small area, and little hydrogeological information is available for them.  
It also has an overlay highlighting the areas where airborne geophysical data 
(electromagnetic/EM coverage) indicate there are more likely to be sandstones at depths of less 
than 100m. Because fractures in sandstones are thought to be a critical groundwater target in the 
Northern Region, a better knowledge of where sandstones might be could significantly improve 
borehole siting success. However there been no ground truthing of this information, and so at 
present it must remain only a potential indicator of the presence of sandstone.  
Another potential use of the airborne geophysical data would be to add, as another overlay on the 
groundwater potential map, the regionally extensive lineations identified from the reprocessed 
magnetic data during the current project. These have been tentatively identified as fracture zone, 
although there has been no ground truthing or hydrogeological investigation of these features 
yet, so it is not yet known whether they do have hydrogeological significance. However, it could 
be an important subject for future research.  
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Figure 27 Groundwater development potential map for the Northern Region 
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Table 2 Attribute table showing groundwater development potential in the main geological units of the Voltaian Basin rocks in the Northern 
Region 
Geological 
Unit  
Lithology Weathered Zone Main Groundwater Targets Typical 
Groundwate
r Potential1  
Typical 
success 
rate  
Typical 
depths of 
successful 
boreholes  
Natural groundwater 
quality 
 
Recharge Potential  
Obosum Group 
(un-
differentiated)  
Dominantly 
mudstones and 
siltstones with 
subordinate 
sandstones  
Highly weathered to <5m. 
Clay layer below laterite is 
thinner below low lying 
areas than higher ground. 
Slightly weathered to 30-
60m 
 Weathered fracture zones, especially in 
siltstones, to 30-60m 
 Thin fracture zones in rare sandstones, 
to 80-100m  
Low 20-25% 30-80m Typically Na/K-HCO3 to 
Na/K-Cl type. SEC 
generally moderate & 
occasionally very high. 
Variable F from low to 
high 
In mudstones: little infiltration 
through clay; low acceptance 
potential. In rare sandstones, 
higher infiltration and 
acceptance potential 
Bunya 
Sandstone 
Member (Oti-
Pendjari 
Group)  
Dominantly grey-
green. medium 
grained feldspathic 
sandstones 
Highly weathered to 7-15m. 
Gravelly laterite to <5m, 
sometimes capped by thin 
iron oxide cement. Slightly 
weathered to 20-30m 
 Thin fracture zones; frequency 
decreases with depth 
Moderate to 
High 
40-60% 30-70m Typically Na/K-HCO3 type. 
SEC generally low, 
occasionally moderate. 
Variable F from low to 
high 
High infiltration through thin, 
gravelly laterite, except where 
cemented. Relatively high 
acceptance potential 
Chereponi 
Sandstone 
Member (Oti-
Pendjari 
Group)  
Alternating grey-
green, medium 
grained sandstones 
and siltstones 
Highly weathered to 7-15m. 
Gravelly laterite to <5m, 
sometimes capped by thin 
iron oxide cement. Slightly 
weathered to 20-30m 
 Thin fracture zones, especially in 
sandstones; frequency decreases with 
depth 
 
Low to High 40-50% 20-70m Generally low, 
occasionally high SEC. 
Generally low F 
High infiltration through thin, 
gravelly laterite, except where 
cemented. Relatively high 
acceptance potential 
Bimbila 
Formation  
Dominantly grey to 
green, weakly 
micaceous 
mudstones and 
siltstones with thin 
beds of green-grey 
sandstones  
Highly weathered <5m. Clay 
layer below laterite is thinner 
below low lying areas than 
higher ground. Slightly 
weathered to 30m, 
occasionally 60m 
 Thin zones at lithological boundaries 
from green-grey mudstone to chocolate -
brown siltstone) 
 Thin weathered fracture zones, 
especially in siltstones and rare 
sandstones. Frequency decreases with 
depth but significant inflows to 90m and 
occasional inflows below 100m 
Moderate to 
Low 
40-55% 20-80m Typically Na/K-HCO3 or 
no dominant type. SEC 
occasionally very high. F 
generally above WHO 
standard & occasionally 
very high  
In mudstones: little infiltration 
through clay; low acceptance 
potential. In sandstones, 
higher infiltration and 
acceptance potential 
Afram 
Formation  
Dominantly grey-
green micaceous 
mudstones and 
siltstones, with rare 
limestone and 
sandstone  
<5 m. Clay layer below 
laterite is thinner below low 
lying areas than higher 
ground. Slightly weathered 
to 30m, occasionally 60m 
 Weathered fracture zones, especially in 
siltstones and rare sandstones, to 30-
60m 
 
Moderate 40-55% 30-70m SEC generally moderate. 
F generally high and 
occasionally very high.  
Little infiltration through clay; 
low acceptance potential. 
Anyaboni 
Sandstone 
(Kwahu Group)  
Medium to fine 
grained, grey to red 
feldspathic 
sandstone  
Highly weathered to 7-15m. 
Gravelly laterite to <5m, 
sometimes capped by thin 
iron oxide cement. Slightly 
weathered to 20-30m 
 Thin fracture zones. Frequency 
decreases with depth but can find 
significant inflows to 100m and 
occasional inflows below 100m 
High to 
Moderate 
>70% 40-60m Generally low SEC and 
low F 
High infiltration through thin, 
gravelly laterite, except where 
cemented. Relatively high 
acceptance potential 
Panaboko 
Sandstone 
Formation 
(Kwahu Group)  
Grey, weathering to 
yellow & pink, 
medium grained 
quartzose 
sandstone  
Highly weathered to 7-15m. 
Gravelly laterite to <5m, 
sometimes capped by thin 
iron oxide cement. Slightly 
weathered to 20-30m 
 Weathered fracture zones to 20-30m 
 Thin to 0.5m thick fracture zones below 
this. Frequency decreases with depth 
but occasional inflows below 100m  
Moderate to 
High 
40-60% 30-70m Generally low SEC and 
low F 
High infiltration through thin, 
gravelly laterite, except where 
cemented. Relatively high 
acceptance potential 
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Box 7 Associated notes for map and attribute table 
These notes are designed to accompany the groundwater potential map and attribute table, to 
explain some of the terms given in the map and table, and to support groundwater development 
practitioners when planning and carrying out borehole siting work.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The geological linework on the map is available as a GIS shapefile with hydrogeological 
attributes in an associated table, and a separate shapefile of the overlay showing where there is 
increased likelihood of sandstone in the top 100m. An image file and a pdf file version of the 
map, with the overlay, are also available. The pdf version is designed to be printed with the 
attribute table on the reverse and suitable for use in the field. All these digital files are available 
in the CD-ROM attached to this report. 
Geophysical techniques: applicable to all the geological formations, but careful field procedure is 
needed and results must be interpreted in relation to the known geology and hydrogeology, and the 
scientific basis and limitations of each technique. This needs a good knowledge of typical resistivity and 
conductivity values for key geological units in their weathered and unweathered states; and a good 
understanding of potential groundwater targets. Ideally, more than one method should be used and the 
results compared to identify features that coincide in each result, to increase confidence.  
EM34. Rapidly covers ground; non-invasive. 20m coil penetrates to ~15-30m, and indicates thickness of 
weathered zone. 40m coil penetrates to ~30-60m, and can indicate base of thick weathered zones, 
bedrock lithology, and the presence of large vertical fracture zones below the weathered zone. When 
interpreting, look for the base of large anomalies in the 40m coil (deep) results. 
2D resistivity profiling: Rapidly covers ground. Indicates bedrock lithology and thickness of weathered 
zone to a maximum of ~60m in centre of profile. Invasive; can be difficult to get current into dry ground, 
and depth of penetration decreases rapidly away from centre of profile. Data noise is common in dry 
ground and can hide deep geological features; when interpreting, look for large features which are more 
likely to be real.  
VES:  Can confirm thickness of weathered zone and bedrock lithology, e.g. over features identified by 
EM34 or 2D profiling. Invasive; can be difficult to get current into dry ground. The Schlumberger array 
is simpler to carry out and interpret than the Dipole-Dipole array. Whichever array is used, continuing to 
wider electrode spacings (e.g. AB/2 >=100m) gives deeper penetration; and the correct model must be 
used to process the data. Interpret the resulting curve in relation to the most appropriate conceptual model 
for the known geology at the site.  
1Groundwater potential is an overall function of groundwater 
storage, yield and residence time (length of time groundwater 
remains in the geological unit, i.e. the rate of throughflow).  
The qualitative values given in the table correspond in general 
terms to:  Low: <15 l/min 
Moderate: 15-80 l/min  
High: >80 l/min  
2 Success rate refers to the percentage of boreholes yielding more 
than 10 l/min, the nominal minimum yield for a hand pump. 
3SEC – specific electrical conductivity of water 
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4 Improving hydrogeological understanding in the long-
term 
Key recommendations for long-term improvements in hydrogeological understanding in the 
Northern Region, which will bring increased borehole success, are: 
 Bring data together from all groundwater projects, collate it centrally, make it easily 
available to all practitioners, and interpret it with a regional perspective. Move away from 
the current tendency to take a site-specific or local view, where individual borehole sites 
are largely investigated in isolation, without reference to wider hydrogeological 
understanding or results from previous geophysical studies and drilling logs. Ideally, future 
projects will allow more geophysical surveying across wider areas, and the regional 
interpretation of results, so that datasets are built up of typical geophysical responses for 
the rocks in the region. More use should also be made of resources such as geological and 
groundwater maps, and databases of existing boreholes.  
 Reduce pressure on contracts to cut costs by siting and drilling boreholes quickly, which 
encourages short cuts in reconnaissance, geophysical surveying, detailed data collection 
during drilling and effective borehole development, and in the long run reduces borehole 
success. This may mean accepting that in the short term, individual borehole development 
could cost more. 
 Promote and support professional communication between groundwater practitioners in the 
Northern Region and across Ghana and further afield.  Groundwater practitioners in the 
Northern Region, especially those working in the private sector, are often isolated from the 
wider hydrogeological community, and one consequence of this is a lack of deeper 
understanding of some of the groundwater development techniques being used, in 
particular geophysics. Sharing experience with other professionals in Ghana, as well as 
further afield, will help practitioners to increase their understanding, skills, and success 
rates. Particularly useful is likely to be more opportunities for sharing experience between 
the private sector and universities, where groundwater experts typically have more 
opportunity to develop a deeper understanding of hydrogeology and learn about new 
and/or alternative techniques. However, promoting interaction between all groundwater 
practitioners – in the private sector, government agencies, NGOs and universities – would 
be a very positive step towards improving professional skills, particularly among more 
junior staff.  
 Future research issues that could lead to a step change in understanding the hydrogeology 
of the Northern Region: 
o The recent new airborne geophysical data for the sedimentary rocks of the 
Voltaian Basin provides considerable scope for investigating controls on 
groundwater targets. For example, it may be possible to use EM data to predict 
the presence of sandstones at shallow depth; or to use reprocessed magnetic data 
to identify lineations which may be water bearing. However, more work is needed 
to investigate just how useful these new datasets could be in improving borehole 
success. A research project to site, drill and test new boreholes on targets that 
were identified from the airborne geophysical data would start to show whether 
the airborne data could be used in this way. 
o A programme to drill and investigate in detail a series of targeted, deep, cored 
boreholes would provide direct information on detailed lithological changes, 
weathering styles and depths; and on the occurrence, distribution and nature of 
water bearing fractures and other groundwater targets. 
 OR/11/047    
   
42 
 
References 
Referred to in this report: 
Bannerman R R. 1990. Appraisal of hydrogeological conditions and analysis of boreholes in the 
Nanumba and Western Gonja Districts – Northern Region, Ghana: Assessment of groundwater 
potential for hand dug wells. Final Report for Rural Action NORRIP/GTZ. 
Carney J N, Jordan C W, Condon D J, Kemp S J and Duodo J A. 2010. Lithostratigraphy, 
sedimentation and evolution of the Volta Basin in Ghana. Precambrian Research 183, 4. 701-
724. doi:10.1016/j.precamres.2010.08.012. 
http://www.sciencedirect.com/science/article/pii/S0301926810002093  
CIDA. 2009. Hydrogeological assessment of the Northern Regions of Ghana: Interim Report 
January 2006 – June 2008.  
CSIR. 2009. CIDA-HAP Geophysics Report. CSIR (Council for Scientific and Industrial 
Research, Ghana) Water Research Institute.  
Davies J and Cobbing J E. 2002. An assessment of the hydrogeology of the Afram Plains, 
Eastern Region, Ghana. British Geological Survey Commissioned Report CR/02/137N 
Davies J and MacDonald A M . 1999. Final Report: The groundwater potential of the Oju/Obi 
area, Eastern Nigeria. BGS Technical Report WC/99/32. 
Gill H E. 1969. A ground-water reconnaissance of the Republic of Ghana, with a description of 
geohydrologic provinces. US Geological Survey Water Supply Paper 1757-K. 
Junner N R and Hirst T. 1946.  The Geology and Hydrogeology of the Voltaian Basin.  Gold 
Coast Geological Survey Memoir 8, 51p 
MacDonald A M and Davies J. 2011. BGS Consultancy: UNICEF IWASH Project, Northern 
Ghana. Visit Report 25/10-5/11/2010. BGS Internal Report IR/11/048 
MacDonald A M, Davies J and Peart R J. 2001. Geophysical methods for locating groundwater 
in low permeability rocks: examples from southeast Nigeria. Journal of African Earth Sciences 
32, 1, 115-131. 
MacDonald A M, Davies J, Calow R C and Chilton P J.  2005. Developing groundwater: a guide 
for rural water supply.  Practical Action Publishing, Rugby  
Pelig-Ba J B. 2004. Esimation of water balance in the Northern Region of Ghana. Ghana 
Journal of Development Studies 1 (2), 118-141. 
Teeuw R M. 1995. Groundwater exploration using remote sensing and a low-cost geographical 
information system. Hydrogeology Journal 3 (3) 
 
Other useful references not specifically referred to in this report: 
Acheampong S Y and Hess J W. 1998. Hydrogeologic and hydrochemical framework of the 
shallow groundwater system in the southern Voltaian Sedimentary Basin, Ghana. Hydrogeology 
Journal 6, 527-537.  
AFD. 2008. Rural Water and Sanitation Project in the Northern Region: Final Report: Volume 1: 
Final Project Report.  
Cobbing J E and Davies J. 2004. Understanding problems of low recharge and low yield in 
boreholes: an example from Ghana. In: Proceedings of the International Conference on Water 
 OR/11/047    
   
43 
 
Resources of Arid and Semi-arid Regions of Africa (WRASRA), August 3-6 2004, Gaborone, 
Botswana. 
Ewusi A. 2006. Groundwater exploration and management using Geophysics: Northern Region 
of Ghana. PhD Thesis, Brandenburg Technical University of Cottbus 
Geological Survey Department of Ghana and the Bundesanstalt fur Geowissenschaften und 
Rohstoffe, 2009. Geological Map of Ghana, scale: 1:1 000 000. For the Ghana National 
Geological Map Project 
Hydrogeological Assessment Project of Northern Ghana (HAP II), 2010. Geo-logging and Diver 
Installation of 15 Newly-drilled Monitoring Boreholes. Geo-logging and Diver Installation 
Report. For CSIR Water Research Institute, Ghana. 
Jordan C J, Carney J N, Thomas C W and McDonnell P. 2009.  Ghana Airborne Geophysics 
Project in the Volta and Keta Basin: BGS Final Report. British Geological Survey 
Commissioned Report CR/09/02.  
Kwei C A. 1997. Evaluation of groundwater potential in the Northern Region of Ghana. CIDA 
project, Comwasan Consult report, Ghana, March 1997, 66p 
MacDonald A M, Kemp S J and Davies J. 2005. Transmissivity variations in mudstones. Ground 
Water 43, 259-269. 
Ofosu S. 2005. The Hydrogeology of the Voltaian Formation of the Northern Region of Ghana. 
M.Sc. Thesis. University of Reno, Nevada, U.S.A 
Sami K and Van Rooyen RC. 2009. Hydrogeological Map Explanation – Map Sheet 1001D 
(scale 1:100 000). CGS/BRGM/Geoman, Geological Survey Department of Ghana (GSD) report 
No. MSSP/2005/GSD/4 
Sami K and Van Rooyen RC. 2009. Hydrogeological Map Explanation – Map Sheets 0701A/1, 
0702B/2, 0801C/3 and 0802D/4 (scale 1:100 000). CGS/BRGM/Geoman, Geological Survey 
Department of Ghana (GSD) report No. MSSP/2005/GSD/7 
Sander P, Chesley M M, Minor TB. 1996. Groundwater assessment using remote sensing and 
GIS in a rural groundwater project in Ghana: lessons learned. Hydrogeology Journal 4 (3) 40-49 
Tod J. 1981. Ground water resources in the Northern Region of Ghana. NORRIP Sectoral Report 
Viljoen J, Agenbacht A, Shelembe R, Gyapong W And Al Hassan A. 2008. Hydrogeological 
Map of Ghana, Map Sheets 0701A/1, 0702B/2, 0801C/3 and 0802D/4 (scale 1:100 000). 
CGS/BRGM/Geoman, Geological Survey Department of Ghana (GSD) 
Viljoen J, Reddering K, Thomas E, LeBere P and Gyapong W. 2009. Hydrogeological Map of 
Ghana, Map Sheet 1001D (scale 1:100 000). CGS/BRGM/Geoman, Geological Survey 
Department of Ghana (GSD) 
Viljoen J, Reddering K, Thomas E, LeBere P and Gyapong W. 2009. Geochemical Synthesis 
Map of Ghana, Map Sheet 1001D (scale 1:100 000). CGS/BRGM/Geoman, Geological Survey 
Department of Ghana (GSD) 
Water and Sanitation Monitoring Platform, 2010. A Directory of Ghana’s Water and Sanitation 
Sector: Who does what, where and how? www.wsmp.org  
 
 
 
 
 OR/11/047    
   
44 
 
Appendix 1 Geophysical methods for locating 
groundwater in low permeability sedimentary rocks 
 
 

















